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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to fabricating non-aqueous electrochemical 
(electronic) cells and. more particularly, to employing a lithiated 2eo|iK and 
preferably inc.uding silica and/or alumina in the polymeric matrix of the 
electrdyte iayer. The electrochemical ce„s demonstrate superior performance. 

State of the Art 

Non-aqueous lithium ion electrochemical ceMs typically include an 
anode, a lithium electrolyte prepared from a lithium sal. dissolved in one or 
more organic solvents and a cathode of an electrochemically active material 
Wcally an insertion compound. During discharge, lithium ions from the 
anode pass through the liquid electrolyte to the electrochemical active materia, 
of the cathode where the ions are taken up with the simultaneous reiease of 
electrical energy. During charging, the flow of ions is reversed so tha, lithium 
■ons pass from the electrochemically active cathode material through the 
electrolyte and are plated back onto the lithium anode. 

Recently, the lithium metal anode has been replaced with a carbon anode 
such as coke or graphite intercalated with lithium ions ,„ form Li C In 
operation of „, «„. ,„„,„,„ ion p;lsses ^ ,„ e ^ ^ 

.0 the cathode where it is taken up jus, as in a cell with a metal.ic lithium 
anode. During recharge, the lithium ion is transferred back to the anode where 
« retntercalates into the carbon. Because no metallic Uthium is present in the 
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cell, melting of the anode does not occur even under abuse conditions. Also, 
because lithium is reincorporated into the anode by intercalation rather than by 
plating, dendritic and spongy lithium growth does not occur. 

5 Various factors influence the performance of electrochemical cells. For 

instance, the morphology of the polymeric matrix and of the polymeric binders 
in the anode and/or cathode can affect conductivity of the salts. Enhancement 
of conductivity has been demonstrated by forming porous polymeric matrices 
and polymeric binders. One method of producing such porous structures 

10 comprises forming polymeric structures in the presence of a plasticizer; upon 

extraction of the plasticizer, pores are created in the polymer. Fillers are often 
added to improve the strength of the polymeric matrix. However, conventional 
fillers while strengthening the matrix comes at the expense of reducing cell 
performance. In view of this, improvements are sought in the mechanical 

15 properties of the solid electrolyte and cell performance, e.g., cycle life. 

SUMMARY OF THE INVENTION 
The present invention is based, in part, to the discovery that the use of 
lithiated zeolites in solid, solvent-containing electrolytes provides a beneficial 
20 increase in mechanical strength without a loss in conductivity and cumulative 
capacity of a solid battery. The conductivity and cumulative capacity of the 
solid battery is increased by the addition of a lithiated zeolite. This 
improvement is brought about by the ability of the lithiated zeolite to provide 
lithium cations. Preferably, the polymer electrolyte further includes silica, 
25 alumina, titanium dioxide, zirconium oxide, or mixtures thereof as fillers. 

The present invention is directed to electrochemical cells and methods of 
fabricating them wherein the non-aqueous electrolyte comprises a polymeric 
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DETAILED DESCRIPTION OP PREFERRED EMBODIMENTS 
The presem invemion is based in nar, „„ ,k ,• ,1V "-NTS 

•"oxide, and/or zirconium oxide sienifjl im ! """^ '"""^ 

of *e po, ymeri c ma.rix of lh e eiecto v 7" '"^ 

, r „ inventive zz^zzsr* 

' superior e,ec tro che m ica Ip e rfo ™ ance 

comprising a po lym er binder and capaWe 0 r 7, 

^ercaia^, an aikaii nrera, ion ( a ' 

e ta ro, yt e soi.ion comprising ,^ 7° 

o^anic e,ec,ro lyt e soive , and , a E ' ! ° P "° na " y ""^ 

coUecor. Parricuiar* prefe re , ^ "^"^ - ' 

and s alt s inereof. el ™mic a , ce„s and ba.ieries use ,i t „ium 

TvdicpIIv u 3 thln metaI foi ' or grid 

~, rrit rc-'i- • - - - - — • 

to about 175 M m. m ° re prefcrab, y about 125 M m 

Similarly, preferably U le cathode compn-, , cathorIp r , „ 
laminated onto one or ^ Slfles f f „ ° Cath ° de f ' ,m that « s 

« current coliector ^ « a ^ „ 
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grid. Typically, each cathode film is from about 100 zzm to about 

200 /zm in thickness, preferably about 130 /zm to about 175 zzm, and more 

preferably about 140 tim to about 165 /zm. 

5 The anode and cathode each also preferably includes a current collector 

that comprises, for example, a screen, grid, expanded metal, woven or non- 
woven fabric formed from an electron conductive material such as metals or 
alloys. Preferably, the current collector has a thickness from about 25 /zm to 
about 75 /xm, preferably about 35 fim to about 65 /zm, and more preferably 

10 about 45 /zm to about 55 /zm. Each current collector is also connected to a 
current collector tab which extends from the edge of the current collector. In 
batteries comprising multiple electrochemical cells, the anode tabs are 
preferably welded together and connected to a copper or nickel lead. The 
cathode tabs are similarly welded and connected to a lead. External loads can 

15 be electrically connected to the leads. Current collectors and tabs are described 
in U.S. Patent 4,925,752, 5,011,501, and 5,326,653, which are incorporated 
herein. 

Prior to describing this invention in further detail, the following terms 
20 will be defined. 

The term "lithiated zeolite" refers to a crystalline aluminosilicate which 
may be represented by the empirical formula Li m M (2 _ 2/n) O * A1 2 0 3 • ySi0 2 • 
wH 2 0, where 0 > m > 2, preferably 1.6 > m > 1.96, and more preferably 
25 1.9 > m > 1.96. y is an integer or non-integer 2 or greater and w is an 

integer representing the water contained in the voids of the zeolite, w will vary 
depending on the source of zeolite. Such water is shielded from the solid 
electrolyte and for our purposes, will not be considered part of the water 
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content of the solid electrolyte. Typically, w ranges from about 0 to about 13 
and preferably from about 0 to about 3. M is any suitable alkaline metal (other 
than lithium) or alkaline-earth metal cation that is compatible in a lithium ion 
electrochemical cell and preferably includes, for example, sodium or potassium 
5 and n represents the valence of the cation M. Sodium is most preferred. 
Structurally, zeolites are complex, crystalline inorganic polymers based on a 
framework of A10 4 and SiO< tetrahedra linked to each other by the sharing of 
oxygen ions. This framework structure contains channels or interconnected 
voids that are occupied by cations, such as lithium ions, and water molecules. 
10 The cations are mobile and undergo ion exchange. The water may be removed 
reversibly by the application of heat which leaves intact a crystalline host 
structure permeated by micropores which may amount to 50% of the crystal's 
volume. Zeolites are widely used as drying agents to remove water. Any 
zeolite in lithium form is suitable for use in the present invention if (a) it js 
substantially lithiated, e.g. if the zeolite was synthesized in sodium form, it has 
been ion exchanged with a lithium, salt so that the preponderance of 
exchangeable cations in the zeolitic voids are lithium ions; and (b) the zeolite is 
available as a fine particulate for inclusion in the solid electrolyte. There are 
many such zeolites known to the art. such as Zeolite A and Zeolite X in lithium 
form. In general, zeolites meeting the requirement of this invention are drawn, 
for example, from the group consisting of Zeolite type A, Zeolite type X, 
Zeolite type Y. Zeolite type L, omega, ZSM-5, chabazite. mordenite, erionite. 
faujasite and clinoptilolite or mixtures thereof. 



15 



25 



Preferably, the lithiated zeolites and fillers have a diameter of about 50 
/xm or less, more preferably of about 25 M m or less. A preferred inorganic 
filler is fumed silicon dioxide available as AEROSIL® R812 from Degussa AG. 
Frankfurt Germany. This silicon dioxide has been treated so that silanol groups 



6NSOOCID: <WO 98264 68A1 J > 



WO 98/26468 PCT/US97/21637 



on the surface have been replaced by hydrophobic groups. The (1) lithiated 
zeolite or (2) blend of lithiated zeolites and one or more inorganic fillers 
selected from silica, alumina, titanium dioxide zirconium oxide, and mixtures 
thereof, typically comprises about 1 % to about 30%, preferably about 5% to 
5 about 25%, and more preferably about 10% to about 20% of the polymeric 
electrolyte. When a blend is employed, the weight ratio of lithiated zeolite to 
inorganic filler(s) typically ranges from 95:5 to 10:90 and more preferably 
90:10 to 50:50. 

10 The term "plasticizer" refers to an organic solvent, with limited 

solubility of polymers, that facilitates the formation of porous polymeric 
structures. By "porous structure" is meant that upon extraction of the 
plasticizer the polymer remains as a porous mass. Suitable plasticizers have 
high boiling points typically from about 100°C to about 350°C. A number of 

15 criteria are important in the choice of plasticizer including compatibility with 
the components of the electrochemical cell precursor, processability, low 
polymer solubility and extractability by liquid solvents including, for example, 
diethyl ether, dimethyl ether, methanol, cyclohexane, and mixtures thereof or 
by supercritical fluids. Preferred plasticizers include, for example, dibutyl 

20 phthalate, dioctylphthalate, and acetates, glymes and low molecular weight 

polymers. The plasticizer is preferably first well mixed with a polymer and a 
solvent. Thereafter the plasticizer is removed by extraction and in the process 
the porous structure is formed. Preferably the weight ratio of plasticizer to 
polymer is from about 1 to about 50, more preferably about 10 to about 30, 

25 and most preferably about 20 to about 25. 

The term "electrochemical cell precursor" or "electrolytic cell 
precursor" refers to the structure of the electrochemical cell prior to the 

- 6 - 
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addition of .he electro.yte so.ution. The precursor „y comprises (each in 
precursor form) an anode, a cathode and nnlv m • • 

Catnode - and Polymenc matnx. The anode and/or 
athode may each inCude a current Sector. The po.ymeric matrix can 
nunct.on as a separator between the anode and cathode. 

The term "activation" refers .„ the placemen, of a sal, and electrolyte 
solven, i„,o an electrochemical cell precursor. After activation the 
el=c.roche mi ca, eel, is charged by an externa, energy source prior ,„ use. 

The term -electrochemical cell" or ;elec.rolyic cell" refers ,o a 
composite structure containing a„ anode, a cathode, and polymeric matrix with 
a electrode solution that is interposed therebetween.. 

The tenn "battery" refers to two or more electrochemical ce„s ' 
elecncany interconnected in an appropriate series/paralle, arrangement to : 
prov.de the required operating voltage and current levels. 

The term •. solid matrix forming monomer" refers to inorganic or 
organtc materials which in monomeric form can be polymerized, preferably in 
■ne presence of an inorganic ion sa„. lithiated zeoli.es, and/or fillers, and a 
so.ven, to form solid matrices which are suitable for use as solid electrolytes in 

=cro,y„c cells. Suitable solid matrix forming monomers are wel, Known in 
he ar, and the particuUr monomer employed is not critical. The solid matrix 

ceZ b„T rS , My a ' S ° " C ' er0a ' 0mS ™ PM * <* 

acceptor bonds w,tl, , n „ rganic cations.te.g., alkali ions). 

Examples of suitable organic solid matri-- ' , min g monomers include by 
way of exampie, propyl „x,de. ethyieneimine, ethylene oxide. 
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epichlorohydrin, acryloyl-derivatized polyalkylene oxides (as disclosed in U.S. 
Patent No. 4,908,283 which is incorporated herein), urethane acrylate, vinyl 
sulfonate polyalkylene oxides (as disclosed in U.S. Patent No. 5,262,253, 
which is incorporated herein), and the like as well as mixaires thereof. 
5 Examples of suitable inorganic solid matrix forming monomers include, by way 
of example, phosphazenes and siloxanes. Phosphazene monomers and the 
resulting polyphosphazene solid matrix are disclosed by Abraham et al.. Proc. 
Int. Power Sources Symp., 34th, pp. 81-83 (1990) and by Abraham et al., J. 
Electrochemical Society, Vol. 138, No. 4, pp. 921-927 (1991). 

10 

The term "a partial polymer of a solid matrix forming monomer" refers 
to solid matrix forming monomers which have been partially polymerized to 
form reactive oligomers. Partial polymerization may be conducted for the 
purpose of enhancing the viscosity of the monomer, decreasing the volatility of 
15 the monomer, and the like. Partial polymerization is generally permitted so 

long as the resulting partial polymer can be further polymerized, preferably in 
the presence of a solvent, such as, a mixture of organic carbonate(s) to form 
solid polymeric matrices which are suitable for use as solid electrolytes in 
electrolytic cells. 

20 

The term "cured" or "cured product" refers to the treatment of the solid 
matrix forming monomer or partial polymer thereof under polymerization 
conditions (including cross-linking) so as to form a solid polymeric matrix. 
Suitable polymerization conditions are well known in the art and include by 
25 way of example, heating the monomer, irradiating the monomer with UV light, 
electron beams, and the like. The resulting cured product may contain 
repeating units containing at least one heteroatom such as oxygen or nitrogen 
which is capable of forming donor acceptor bonds with inorganic cations (alkali 

- 8 - 
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«ons). Examples of suitable ci..™i i 

— „ Plionall , . viKOS ; ';rcr ' * o,i,e 

. ■ comprisin * —<*. — of Ihe monoraer or ;; a ; 0 corapos " ion 

carbonate so!vent and viscosifier e»„ h , P ynKr • ° r « anic 

' — Uve,, the monome ^ , "j ™ *° 3 - «*« cnred. 

**~ -en, and viscosi ^ LtSL~ " ^ 

on a substrate and cured; ,,„,„„, ^ ^ " Th = ™-re is then placed 

formation of a soiid e,ectro ly .e I„ cil W ° UW '' CSU " 

wou U be a homogeneous sinl "* *»'"'* *=«ro ly ,e 

temperature. ^ C °°" ng '° '^"atures be.ow roo m 

- - ~ m ::rz s ? so,u,ion - *■ so,vem * ~ » - 

can,'er web, and after L^CT." " 0 "'° ' ^ ^ " ' 
is formed thereon 8 " * ^ OVBd - 
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The term "salt" refers to any salt, for example, an inorganic salt, which 
is suitable for use in a non-aqueous electrolyte. Representative examples of 
suitable inorganic ion salts are alkali metal salts of less mobile anions of weak 
bases having a large anionic radius. Examples of such anions are I\ Br, SCN\ 
5 C10 4 \ BF 4 \ PF h \ AsF 6 \ CF 3 COO\ CF 3 S0 3 \ N(SO : CF 3 ) 2 \ and the like. 

Specific examples of suitable inorganic ion salts include LiC10 4 , LiSCN, LiBF 4 , 
LiAsF 6? LiCF 3 S0 3 , LiPF 6 , (CF 3 S0 2 ),NLi, (CF 3 S0 2 ) 3 CLi, NaSCN, and the like. 
The inorganic ion salt preferably contains at least one cation selected from the 
group consisting of Li, Na, Cs, Rb, Ag, Cu, Mg and K. 

10 

The electrolyte typically comprises from about 5 to about 25 weight 
percent of the inorganic ion salt based on the total weight of the electrolyte; 
preferably, from about 10 to 20 weight percent; and even more preferably from 
about 10 to about 15 weight percent. The percentage of salt depends on the 
15 type of salt and electrolytic solvent employed. 

The term "compatible electrolyte solvent" or "electrolytic solvent," or in 
the context of components of the non-aqueous electrolyte, just "solvent," is a 
low molecular weight organic solvent added to the electrolyte and/or the 

20 cathode composition, which may also serve the purpose of solvating the 
inorganic ion salt. The solvent is any compatible, relatively non-volatile, 
aprotic, relatively polar, solvent. Preferably, these materials have boiling 
points greater than about 85 °C to simplify manufacture and increase the shelf 
life of the electrolyte/battery. Typical examples of solvent are mixtures of such 

25 materials as dimethyl carbonate, diethyl carbonate, propylene carbonate, 

ethylene carbonate, methyl ethyl carbonate, gamma-butyrolactone, triglyme, 
tetraglyme, dimethylsulfoxide, dioxolane, sulfolane, and the like. When using 
propylene carbonate based electrolytes in an electrolytic cell with graphite 



- 10 - 
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anodes, a sequestering agent, such as a crown ether, is added in the electrolyte. 

For electrochemical cells where (1) the cathode comprises lithiated 
cobalt oxides,, lithiated manganese oxides, lithiated nickel oxides, Li x Ni,. y Co y O,, 
5 where x is preferably about 1 and y is preferably 0.1-0.9, LiNiV0 4 , or 
LiCoV0 4 , and (2) the anode comprises carbon, the electrolytic solvent 
preferably comprises a mixture of ethylene carbonate and dimethyl carbonate. 

The term "organic carbonate" refers to hydrocarbyl carbonate 
10 compounds of preferably no more than about 12 carbon atoms and which do not 
contain any hydroxyl groups. Preferred organic carbonates include, for 
example, aliphatic carbonates and cyclic aliphatic carbonate. - 

Suitable cyclic aliphatic carbonates for use in this invention include 
15 l,3-dioxolan-2-one (ethylene carbonate); 4-methyl-l ,3-dioxolan-2-one 
(propylene carbonate); 4,5-dimethyl-l,3-dioxolan-2-one; 4- 
ethyl-1.3-dioxolan-2-one; 4.4-dimethyl-l,3-dioxolan-2-one; 4-methyl-5-ethyl- 
l,3-dioxolan-2-one; 4,5-diethyl-l ,3-dioxolan-2-one; 4,4-diethyl-l,3-dioxolan-2- 
one; l,3-dioxan-2-one; 4,4-dimethyl-l,3-dioxan-2-one; 5,5-dimethy- 
20 l-l,3-dioxan-2-one; 5-methyl-l,3-dioxan-2-one: 4-methyl-l, 3-dioxan-2-one; 
5,5-diethyl-l,3-dioxan-2-one; 4,6-dimethyl-l,3-dioxan-2-one; 4,4,6- 
trimethyl-l,3-dioxan-2-one; and spiro 

( 1 , 3-oxa-2-cyclohexanone-5 ' , 5 ' , 1 ' , 3 '-oxa-2 ' -cyclohexanone) . 

25 Several of these cyclic aliphatic carbonates arc commercially available 

such as propylene carbonate and ethylene carbonate. Alternatively, the cyclic 
aliphatic carbonates can be readily prepared by well known reactions. For 
example, reaction of phosgene with a suitable alkane-a,fi-diol (dihydroxy 
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alkanes having hydroxyl substituents on adjacent carbon atoms) or an 
alkane-a,7-dioI (dihydroxy alkanes having hydroxyl substituents on carbon 
atoms in a 1,3 relationship) yields an a cyclic aliphatic carbonate for use within 
the scope of this invention. See, for instance, U.S. Patent No. 4,115,206, 
5 which is incorporated herein by reference in its entirety. 

Likewise, the cyclic aliphatic carbonates useful for this invention may be 
prepared by transesterification of a suitable alkane-a,B-diol or an alkane- 
a,7-diol with, e.g., diethyl carbonate under transesterification conditions. See, 
10 for instance, U.S. Patent Nos. 4,384,115 and 4,423,205 which are incorporated 
herein by reference in their entirety. Additional suitable cyclic aliphatic 
carbonates are disclosed in U.S. Patent No. 4,747,850 which is also 
incorporated herein by reference in its entirety. 

15 The term "viscosifier" refers to a suitable viscosifier for solid 

electrolytes. Viscosifiers include conventional viscosifiers such as those known 
to one of ordinary skill in the art. Suitable viscosifiers include film forming 
agents well known in the art which include, by way of example, polyethylene 
oxide, polypropylene oxide/ copolymers thereof, and the like, having a number 

20 average molecular weight of at least about 100,000, polyvinylpyrrolidone, 

carboxymethylcellulose, and the like. Preferably, the viscosifier is employed in 
an amount of about 1 to about 10 weight percent and more preferably at about 
2.5 weight percent based on the total weight of the electrolyte composition. 

25 The anode typically comprises a compatible anodic material which is any 

material which functions as an anode in a solid electrolytic cell. Such 
compatible anodic materials are well known in the art and include, by way of 
example, lithium, lithium alloys, such as alloys of lithium with aluminum, 
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" KKmy - nanV,neX : "'-ala.io,, based anodes suc „ „ ,„ 0 , e 

employing earbo,, ,„ ngsten oxides , ami ,„ e ^ ^ ^ 

tataon. in,e r ca,a Iio „ anodes e mpl „ ying carbon materja , s such as 
cokes, mesocarbons. and ,he li ke . The carbon imercala.ion based anode ' 
> Precursors ,ypica„ y i„c,ude a polymeric binder and ex.racable plas.icizer 
suable for forming a bound porous composite having a mo.ecuiar weieh, of 
from abou, ,,000 ,o 5.000,000. Examp.es of sui,ab,e po, y meric binde". 
include EPDM (e,„ y le„e pr 0py ,e„e diamine termonomer, PVDF 
(po.yvinylidene difluoride), EAA (e,h y ,ene acrylic acid copolymer, EVA 
(ethylene viny, aee,a,e co poly mcr). EAA/EVA copo, y „,ers, and ,he like 
The polymeric bmder of lh e anode for ,he P rese„, invemion P referab ly ' 
comprrses a ^ biend which includes fluoropoiymers as furrher described 

2 -s 1 one T md embodimenl ' " ,e carbon imercaiatfon -»* p— 

■ha, ,s ,he anode s.rucfure P rior ex.rac.ion, comprises from abou, 40 ,o abou, 
0 we, ght P erce„, of a carbon materia, (e.g. , g „ pWte): from about , , 0 abom 
20 we.gh, percent of a polymeric binder, and from abou, , S ,„ abou, 40 wei e „, 
percen, p ,as,icizer. The anode ma y a,so inc.ude an elecron conduct " 
material such as carbon black. 

The ca.hode typ icall y comprises a compa.ib.e ca,hodic material (i e 
.nserdon compounds, which is a„ y materia, which fcncions as a posiUve pole 
m a so„d e,ec,ro, y ,ic ce„. Such cornpa.ible ca.hodic materials are we„ known 
m ,be ar, and include, by way of exampte, t ra„si,io„ me,a, oxides, su.fides and 
selemdes, mcluding li.hiated compounds .hereof. Re„,ive ma,eria,s 
mclude cobal. oxides, manganese oxides. molybdenum OIidcs , 
ox.des. sulfides of U,a„i U m. mo.ybdenum and niobium. ,he various chromium 
ox,des, copper oxides, li.hia.ed cobal, oxides, e.g.. LiCoO, and LiCoVO. 
.,th,a,cd manganese oxides, e.g., UM„, 0< , ,i tllIaIed njc|td ^ £ „ ^ 
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and LiNiV0 4 and mixtures thereof. Cathode-active material blends of 
Li x Mn 2 0 4 (spinel) is described in U.S. Patent 5,429,890 which is incorporated 
herein. The blends can include Li,Mn,0 4 (spinel) and at least one lithiated 
metal oxide selected f roni r.-ijNiOu and Li iX CoOi wherein 0<x^2. Blends can 
5 also include Li y -ar-Mn0 2 (0<y<l) which has a hollandite-type structure and is 
described in U.S. Patent 5,561,007, which is incorporated herein. 

In one preferred embodiment, the compatible cathodic material is mixed 
with an electroconductive material including, by way of example, graphite, 

10 powdered carbon, powdered nickel, metal particles, conductive polymers (i.e., 
characterized by a conjugated network of double bonds like polypyrrole and 
polyacetylene), and the like, and a polymeric binder to form under pressure a 
positive cathodic plate. The polymeric binder may comprise EPDM, PVDF, 
EAA, EVA, or EAA.EVA copolymers, and the like. Suitable binders for use 

15 in the cathode have a molecular weight of from about 1,000 to 5,000,000. The 
polymeric binder of the cathode for the present invention preferably comprises 
a polymer blend which includes fluoropolymers as further described above. 

In one preferred embodiment, the cathode is prepared from a cathode 
20 paste which comprises from about 35 to 65 weight percent of a compatible 
cathodic material; from about 1 to 20 weight percent of an electroconductive 
agent; from about 1 to 20 weight percent of a suitable polymeric binder 
comprising the polymer blend; from about 0 to about 20 weight percent of 
polyethylene oxide having a number average molecular weight of at least 
25 100,000; and from about 10 to 50 weight percent of solvent comprising a 10:1 
to 1:4 (w/w) mixture of an organic carbonate and a glyme. Also included is an 
ion conducting amount of an inorganic ion salt. Generally, the amount of the 
salt is from about I to about 25 weight percent. 
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The elec. ro |y te composition typical.y comprises from about 5 to about 
^5 weight percent of the inorganic ion sa.t based on the total weight of the 
electrolyte; preferably, from about 10 to 20 weight percent; and even more 
preferably from about 10 to about 15 weight percent. The percentaee of sa.t 
depends on the type of sa.t and e.ectrolytic solvent employed. The electro.yte 
composition further typically comprises from 0 to about 80 weight percent 
e.ectro.yte solvent (e.g., organic carbonate/glyme mixture) based on the total 
wetght of the electrolyte; preferably from about 60 to about 80 weight percent- 
and even more preferab.y about 70 weight percent. The electrolyte composition 
moreover comprises from about 5 to about 30 weight percent of the solid 
polymeric matrix based on the total weight of the electrolyte; preferably from 
about 15 to about 25 weight percent. 

In a preferred embodiment, the electrolyte composition further 
comprises a small amount of a film forming agent. Suitable film forming = 
agents are well known in the art and include, by way of example, polyethylene 
ox.de, polypropylene oxide, copolymers thereof, and the like having a 
numbered average molecular weight of at least about 100,000. Preferably the 
f.lm forming agent is employed in an amount of about 1 to about 10 weight 
percent and more preferably at about 2.5 weight percent based on the tota. 
weight of the electrolyte composition. 



25 



METHODOLOGY 

Electrochemical cells are known in the art. See, for example U S 
Patents 5.300.373. 5,316,556, 5.346.385. 5,262,253. 4,472,487, 4.668 595 
and 5,028.500. a„ of which are incorporated herein. The following i.lustraies 
a method of how an electrolytic cell could be fabricated with the inventive 

nrnrpce 



process 
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Lithiated zeolites are preferably synthesized by an ion exchange process 
which replaces some or essentially all of the cation M in the zeolite with Li. 
A method of fabricating the lithiated zeolite is ion exchange using sodium or 
other metal cation based zeolites. For instance, zeolite type 4A (Aldrich) which 
5 is sodium based and has a particle size of less than 5 jum can be used. Ion 

exchange is also applicable to lithiate other zeolites such as zeolite X described 
above. In this method, sodium cation in the zeolite is replaced by lithium 
cation as shown by the following equation, taking the sodium form of zeolite 
type 4 A (designated NaZ 4A ) as the example: 

10 

NaZ, A + Li + — - LiZ 4A + Na + 

Although this reaction illustrates that Li + replaces Na + , in practice some 
Na + will remain in the zeolite. The degree of lithiation can be increased by 

15 repetitive addition of concentrated, fresh Li + aqueous solutions until the lithium 
content in the zeolite reaches the desired level. Preferably, at least about 80% 
of sodium is replaced~by lithium, more preferably about 90% and most 
preferably about 98%. The equilibrium of the reaction can be confirmed by 
atomic absorption (AA) analysis of the Li + solution. The lithium content in the 

20 zeolite can also be determined by AA. The lithium in the zeolite can be 

extracted with an acid solution (e.g., HC1) followed by AA of the resulting 
solution. In this fashion, the level of lithiation can be controlled, that is, 
lithiated zeolite having the desired value m in the formula Li m M (2 _ 2/n >0 • A1 2 0 3 • 
ySi0 2 wH 2 0 can be synthesized. 

25 

As an illustration of this technique, to a 500 mL beaker are added 100 g 
of zeolite powder and 300 mL 2M LiCl solution. The mixture is stirred until 
equilibrium is established as confirmed with by AA. The solid residue is 
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«> ected . ter fillraI(on an(1 mixed ^ ^ a 

r ;:rr e T re is ™ un,n *- — — - «. r b 

reac„e d . Thereafter, the we, soiid is dried in a vacuura oven „ 200 „ c ^ 

5 

The Mowing i, lustraIes . me[llod of ^ ^ 

6bnCa ' ed — *-p,es , and 2 d e Scrib e , he pro e of 

pr=pann g the anode an. causes, respective*. . Example 3 ^ '™ 
procedures for fitbricating a so lid electrolytic cell. 

The tnvemion will be described using „,e anode and cathode secures 
wherein electrode materialsYnr fii m ,> , . • structures 
ma r, s (or fllmsJ ; " e '"""mated onto both sides of the 

'5 current cohector is iaminated. 

EXAMPLE I 

The anode current collector empioyed is a sheet of expanded copper 
-I . a. ,s about 50 „ m thic , „ is availab , e „ nder ^ J^J^^ 
» (flatten, from Oe, k er Corp., Br,„ ford , Connecticut. The a „ od "e slurry ,s 
prepared as follows: y 

(VDF) ITT miXtUre COmPriSing " C ° P0 ' ymer ° f ™^^- d in U ori d e 

Z y " :Z "7^ (HFP> iS PrePare " " — - - 

«-upuiymer in 20 grams of arpinnn ti 

e dm* or acetone. The copolymer f^-r MW ic ^ 

lex 2801 from t „. A(oche!n No 
The mi- . ,• Int " '••-Iphia. Pennsylvania. 

s . . f . . • • i<i a nulling vailable from VWR 

scientific, in i ranciv • =• . 

, . "udelH-n- ..oo. The copolymer 

tenons a, a binder for <he carbon in the ' " 
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A graphite mixture is prepared separately by first adding 23.4 grams of 
graphite into 0.9 grams of carbon black into a solution containing 60 grams 
acetone, and 10.5 grams dibutyi phthalate. A preferred graphite comprises a 
50:50 (by weight) mixture of a synthetic graphite available under the 
5 designation SFG-15™ from Lonza G & T, Ltd. (Sins, Switzerland) and 

graphitized mesocarbon microbeads available under the designation MCMB25- 
28™ from Osaka Gas Co., Japan. A preferred carbon black is available under 
the designation Super P™ from M.M.M. Carbon, Willebrock, Belgium. The 
graphite mixture is then vigorously mixed in a high shear mixer until a 
10 substantially homogeneous blend is formed. A suitable mixer is available from 
Ross Model ME100DLX, Hauppauge, New York, operating at its highest 
setting (about 10,000 RPM) for 30 minutes. 

The anode slurry is prepared by mixing the polymer mixture and the 
15 graphite mixture together under low shear conditions to form the anode slurry 

wherein the components are well mixed. A portion of the acetone is allowed to 
evaporate from the slurry before it is laminated onto each side of the current 
collector. Anode films form when the remaining portion of the acetone 
evaporates. 

20 

EXAMPLE 2 

The cathode current collector employed is a sheet of expanded aluminum 
that is about 50 fim thick. The aluminum grid is available under the 
designation 2AL5-077 from Delker Corp. The cathode slurry is prepared as 
25 follows: 

A polymer mixture comprising a copolymer of vinylidenedifluoride 
(VDF) and hexafluoropropylene (HFP) is prepared by mixing 4.4 grams of the 
copolymer in 15 ml of acetone. The copolymer was Kynar Flex 2801™. The 



- 18 - 



WO 98/26468 



PCT/US97/21637 



10 



15 



20 



mixture is stirred for about 24 hours in a mining jar. 

A cathode mixture is prepared separately by mixing 28 Q 
LiMn o i a ■ r y m,x,ne 28 -9 grams of 

L M„ !0 , 2.4 grams of carbon black (Super ,-, inIO . so|wion conuj 

:;::::;r in ,he a hi8h - - - * — 

wnerein the components are well mi v P h a • y 
evaporate fr om tne slmry befo . P °"'°'' °' ** — «• ««•««< » 

collector r,.l , .-, ° ,U0 MCh Side of lhe current 

e " ,ms ronn — — ~- - - — 

The above anode and cathode films are formed direct* on the current 
co ecor by ,a minaling thc slmy ^ ^ ^ 

« crier web and a„owi„ g Ihe soWen, to evaporate L l„ c lhe 
' " f " mS " ~* " ,„e current 
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EXAMPLE 3 

cel. precursor. The polymeric matrix is formed by casting a polymeric s.urrv 
con,pr,s,„ g acetone, dibuty, phthalate, lithiated 2 eo,i,e ( a„ d J^" ^ 
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such as fumed Si0 2 ), and the VDF/HFP copolymer on a suitable substrate or 
carrier web and allowing the acetone to evaporate. No curing by radiation is 
required. It is believed that the lithiated zeolite and/or filler assists the 
activation process by creating physico-chemical conditions such that the 
5 electrolyte solution quickly and completely fills the pores created by the 

extraction of the dibutyl phthalate. Preferably, the polymeric slurry is mixed 
under low shear conditions as not to degrade the copolymer. 

Preferably in preparing the polymer mixture for both the anode and 
10 cathode slurries is that the polymer (or copolymer) not be subject to high shear 
so as to be degraded. Furthermore, preferably the polymer or copolymer 
employed has a high average molecular weight. Preferably the average 
molecular weight is between 50 K to 750 K, more preferably 50 K to 200 K, 
and most preferably 50 K to 120 K. Furthermore, it is preferred that polymer 
15 or copolymer has a narrow molecular weight have range. Preferably 

M 

— -1.0 
M 

Next the dibutyl phthalate plasticizer is extracted from the precursor. 
Extraction can be accomplished using conventional organic liquid solvents such 
as diethyl ether or by a dense fluid or gas which refers to a gas compressed and 

20 heated to either supercritical or subcritical conditions to achieve liquid-like 

densities. Dense gases and fluids are known in the art. See, for example, U.S. 
Patents 5,013,366, 5,267,455, 4,219,333, 4,012,194, and 3,969,196, which are 
incorporated herein. A preferred dense gas is carbon dioxide. The precursor is 
than pre-packaged in moisture-impermeable material which is described, for 

25 example, in U.S. Patent 5,326,653 which is incorporated herein, before being 
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-tivated. Activation preferably occurs i„ an inert (e « ar , 

Finally, the packaging of the elecrm . • ^ atmos P here - 

° S 1 thG elect 'ochenncaI cell is sealed. 

While the invention has been described in , 
S ubs lit u Iions , mi changes • "' reC " e "* »«™« ™od ifi ca ti „„ s . 

of to. i„ve Mio „ a„ d a re „„, intc ^ lZ diSC — « 

-pa of the i„ve„ lion ^ C ° nS,rUed 35 ""*«'«» "Pon .he 
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WHAT IS CLAIMED IS: 

1. An electrolytic cell which comprises: 

an anode; a cathode; and interposed therebetween a solvent-containing 
5 electrolyte which comprises: 

a polymeric matrix; 
a salt; 

a solvent; and 
a lithiated zeolite. 

10 

2. The electrolytic cell of Claim 1 wherein the electrolyte further 
comprises an inorganic filler that is selected from the group consisting of Si0 2 , 
Al 2 0 3 , TiO>, ZrO, and mixtures thereof. 

15 3. The electrolytic cell of Claim 1, wherein said inorganic filler is 

hydrophobic Si0 2 . 

4. The electrolytic cell of Claim 1, wherein said inorganic filler is 

A1 2 0 3 . 

20 

5. The electrolytic cell of Claim 1, wherein the lithiated zeolite 
comprises from about 1% to about 30% by weight of the electrolyte. 

6. The electrolytic cell of Claim 2, wherein the weight ratio of 
25 lithiated zeolite to inorganic filler ranges from about 95:5 to about 10:90. 

7. The electrolytic cell of Claim 2, wherein the lithiated zeolite and 
inorganic filler comprise from about 1 % to about 30% by weight of the 
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electrolyte. 



8. 



25 



The electrolytic ceH of Claim , . wherein the lithiated zeolite has 

^ r P,nCa ^ ' ° ' A,! °' ' ySi °^ ' WH =°' «*« M is an 

a! I.ne meta,. other than nthium. or alkaline . earm 

- - e,ua, to , or 1, 0 > m > 2 . y is an jMeger or _ ° M 

and w,s an mteger from abou. 0 to about 13. 

9- The electrolytic ceH of Claim 8 wherein the M is sodium. 

10. The electrolytic cell of Claim 9 wherein 1.6 a m s i. 9o . 

11. The electrolytic eel, of Claim , wherein the anode 
intercalate based anode comprising carbon. 



12. The dectrolytic cell of Claim , wherein the cathode comprises 
— selected from the group consisting of vanadium oxide, lithiated 
manganese oxide, lithiated „ic k e, oxide, lithiated cobalt oxide, and mixtures 

13 The electrolytic eel, of Claim , 2 . wherein the anode comprises 
an ,„,erca,a.,o„ based anode comprising carbon. 

14 A process for preparing a„ electrolytic eel, which comprises- 

(a) providing a cathode; 

(b) providing an anode; 

(O forming an electrolyte between the cathode and anode wherein the 
electrolyte comprises: 
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a polymeric matrix, 
a salt, 

a solvent; and 
a lithiated zeolite. 

5 

15. The process of Claim 14 wherein the electrolyte further 
comprises an inorganic filler that is selected from the group consisting of Si0 2 , 
A1 2 0 3 , Ti0 2 , ZrO, and mixtures thereof. 

10 16. The process of Claim 14, wherein said inorganic filler is 

hydrophobic SiO,. 

17. The process of Claim 14, wherein said inorganic filler is A1 2 0 3 . 

15 18. The process of Claim 14, wherein the lithiated zeolite comprises 

from about 1% to about 30% by weight of the electrolyte. 

19. The process of Claim 15, wherein the weight ratio of lithiated 
zeolite to inorganic filler ranges from about 95:5 to about 10:90. 

20 

20. The process of Claim 15, wherein the lithiated zeolite and 
inorganic filler comprise from about 1% to about 30% by weight of the 
electrolyte. 

25 21. The process of Claim 14, wherein the lithiated zeolite has the 

empirical formula Li m M (2 _2/n> ' O * A\ 2 0 3 * ySi0 2 • wH 2 0, where M is an alkaline 
metal, other than lithium, or alkaline-earth metal, n is the valence of M and is 
eual to 1 or 2, 0 > m > 2, y is an integer or non-integer 2 or greater, and w 
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is an integer from about 0 to about 13. 

22. The process of Claim 21 wherein M is sod 



mm. 



23. The process of Claim 22 wherein ! .6 > m > 1. 



96. 



24. The process of Claim 14 wherein ih- 

1 lH wnerein tir. anode comprises an 
intercalation based anode comprising carbon. 

10 se,ected 2 fro ^ ^ ^ ^ " ^ ^ ^ 

sele te from the group consisting of vanadium oxide, .ithiated manganese 

ox.de, hthiated nic.e, oxide. Hthiated co,,t oxid6 . and mixtures JJ' 
15 intercalate based anode comprising carbon. 
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